Résumé.-Le formalisme de la mécanique des milieux continus est discuté pour l'analyse des instabilités par striction et par bandes. L'apparition de l'instabilité que l'on prédit dépend fortement des caractéristiques des matériaux, pas seulement à travers les propriétés comme le durcissement par écrouissage ou la sensibilité à la vitesse que l'on peut mesurer dans des tests conventionnels, mais aussi à travers la réponse des matériaux aux chemins de chargement. Un problème spécifique est discuté qui illustre l'influence de la courbure des surfaces d'écoulement, même quand un mécanisme d'adoucissement domine l'établissement de la localisation.
Introduction
A broad range of behaviors can be regarded as instances of "plastic instability" or of "plastic flow localization." Examples include jerky flow, Lüders bands, necking of tensile specimens and shear bands. The class of plastic instability phenomena considered here are those where a macroscopically homogeneous or smoothly varying pattern of plastic deformation develops at low strains and then at larger strains gives way, more or less abruptly, to a highly localized deformation pattern. Such plastic instabilities can be categorized as either geometric or material. Geometric instabilities are those where features of the geometry of the body, such as a free surface, permit the instability mode to emerge and are the "material's" analog of the buckling instabilities encountered in structural mechanics. By way of contrast a material instability is insensitive to boundary conditions and can arise when the boundary constraints rule out geometric instabilities.
In ductile metals, the main manifestation of a material instability is a shear band. Often the large localized strains in a shear band precipitate a shear fracture. In other circumstances shear bands do not lead to fracture but localized shearing becomes an important mechanism for subsequent plastic deformation. Hence shear bands have a dual significance; as a precursor to fracture and as a mechanism of large strain plastic response. The physical mechanisms responsible for triggering shear bands can vary widely. In some circumstances it appears that localization is an inherent and perhaps, as Asaro [1] has remarked, inevitable consequence of the plastic flow process. In such circumstances, a key feature of plastic material response for localization is the yield surface vertex structure implied by the discrete nature of crystallographic slip. In the present context, the significance of a vertex lies in the reduced stiffness to a change in loading path which permits shear bands to emerge in strain hardening materials. A variety of softening mechanisms can act to promote localization. For example, lattice reorientation during deformation may lead to textures that are "soft" with respect to localized shearing, Dillamore et al. [2] , Chang and Asaro [3] and Morii et al. [4] . At high rates of loading thermally induced softening due to local heating can lead to shear band development, Zener and Hollomon [5] , Rogers [6] and Costin et al. [7] . The same metal nlay also undergo shear localization at very low strain rates, where thermal effects are negligible, with, for example, the softening due to progressive micro-rupture inducing localization. Thus, depending on circumstances, localization can emerge either as a consequence of the material's plastic flow properties or as the result of an explicit softening process. Within the past decade or so, much attention has been given to the mechanics of plastic flow localization. Overviews of mechanics issues in localization can be found in Rice [8] , Needleman and Rice [9] , Peirce et al. [10] , Needleman and Tvergaard [11] , Asaro [12] and Tvergaard [13] . Here, the continuum framework for analyzing necking and shear band instabilities is outlined, but attention is primarily focussed on a single problem with the aim of illustrating the significance of the material's multi-axial constitutive description even in the presence of softening. The problem discussed is the analysis of plane strain compression in a thermally softening solid carried out by LeMonds and Needleman [14] .
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Field Equations
In a Lagrangian formulation the position of each material particle is labelled in a conveniently chosen reference configuration and these labels, together with time, serve as the set of independent variables. The labels can be identified with the position of the given particle relative to the origin of a fixed Cartesian frame and this position will be denoted by x. In order to establish notation and to define field quantities, a brief outline of this formulation of the field equations will be given. Dyadic notation will be used and for the present purposes, it will not be necessary either to specify a reference configuration or For the class of inelastic materials considered here, the constitutive relation is expressed as (see (3.8) and (3.9) [18] . Recent analyses by Pan and Rice [19] and Asaro and Needleman [20] show that slight material rate sensitivity can account for the experimental ambiguity. From [31] .
FIGURE-3 Surface w,-,tves on a.n aluminiim alloy tube. From [31] . The basic principles of this analysis are due to Hadamard [32] for elastic solids and Hill [33] , Mandel [34] , Thomas [35] First, compatibility requires (Hadamard [32] , Hill [33] , Mandel [34] , Thomas [35] and Rice [8] [25] have carried out such a study and have found that due to the stiffening associated with a change in loading path, the deformations in a shear band can saturate, which also occurs in the full finite element solutions of Tvergaard et al. [38] . [38] . Figure 4 , from Burke and Nix [37] , shows the results of a numerical solution for neck development in plane strain tension based on rate independent isotropic hardening plasticity theory. This analysis captures the initiation and growth of the diffuse necking mode but there is no tendency for the deformation pattern to shift to one involving localized shearing as is so commonly observed for structural metals.
FiGURE-4 Neck development in a plane strain tensile specimen with the material characterized by isotropic hardening plasticity theory. From [37] .
FIGURE-5 Deformed finite élément meshes at various stages of extension in a plane strain tensile spécimen. The material is strain hardening and characterized by J2 corner theory. From [38] . [38] , shows the course of neck development based on the J2 corner theory of Christoffersen and
Hutchinson [21] . [14] .
In fact, even as constant temperature conditions are approached with an imposed strain rate of én = 5sec'1 a well defined shear band is évident, Fig. 11 . The behavior shown in Fig. 11 The aim here has been to illustrate the significance for plastic instability phenomena of the material's three dimensional constitutive description, even in circumstances where a softening mechanism plays a major role in precipitating the instability. The specific example involved thermal softening, but similar effects have been noted in studies where the softening mechanism is micro-void nucleation and growth, Mear and Hutchinson [40] , Becker and Needleman [41] and Tvergaard [42] . [14] . Results at one stage of compression for an isotropically hardening solid an isotropically hardening solid with heat conduction accounted for and with fn = 50sec-1; the top figure shows the deformed finite element mesh and the bottom figure shows contours of constant température in degrees Celsius. From [14] .
FtcvnE-10 Deformed finite élément meshes showing shear band development in a,n kinematically hardening solid with heat conduction accounted for and with én = 500sec-'. From [14] .
The incorporation of heat conduction explicitly introduces a length scale into the analysis, where the characteristic length is (k/03C1cp~n)1/2, specifying a length over which heat conduction effects are significant. Additionally, material rate dependence implicitly introduces a length scale into the boundary value problem. This length scale is one characterizing the imperfection or inhomogeneity, as discussed by Needleman [46] . Hence, in the analyses of Le1'Ionds and Needleman [14] there are two characteristic lengths; one associated with the inhomogeneity and the other with heat conduction. The issue of characteristic length scales arises in analyses of localization because for a rate independent solid deforming isothermally and developing a shear band there is no characteristic length to set the shear band width. In numerical calculations a length scale is introduced via the discretization. As a consequence numerical solutions to localization problems for rate independent solids exhibit an inherent mesh dependence and global quantities, such as the overall stiffness characteristics of the body, depend on the mesh size used to resolve the band of localized deformations.
This has been observed in a variety of contexts and discussed from diverse perspectives, e.g. Tvergaard et al. [38] , Pietruszcak and Mroz [43] . Tvergaard [44] , Belytschko, Bazant, Hyun and Chang [45] and Needleman [46] . When mentally differ, the phenomenology of localization can be the same for both rate dépendent and rate independent material behavior e.g., Peirce et al. [10] and Becker and Needleman [41] .
However, since the governing equations for rate dependent solids remain elliptic, the sort of pathological mesh dependence encountered for rate independent solids appears to be precluded. There are computational issues associated with localization that arise whether the material is characterized as rate independent or rate dependent. For 
